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(57) ABSTRACT 

An improved laser scanning system is provided employing 
multiple off-center lasers and an irregular multi-sided scan 
ning polygon, producing a laser Scanning raster over a total 
Sweep of approximately 180 degrees of polygon rotation (i.e. 
Sweep), wherein the Scanning region includes (i) a center 
scanning region with a first plurality of scanning lines, (ii) two 
mid scanning regions with a second plurality of scanning 
lines, and (iii) far left and right Scanning regions each having 
a third plurality of Scanning lines, to Supports high (full) 
density, mid (3/3) density, and low (/3) density Scanning over 
the 180 degrees scanning region, for robust omni-directional 
Scanning performance. 
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1. 

OMNIDIRECTIONAL LASER SCANNING 
BARCODE SYMBOL READER GENERATING 
ALASER SCANNING PATTERN WITH A 
HGHLY NON-UNIFORMISCAN DENSITY 
WITH RESPECT TO LINE ORIENTATION 

BACKGROUND OF DISCLOSURE 

1. Field of Disclosure 
The present disclosure relates generally to improvements 

in laser Scanning bar code symbol reading systems, at point 
of-sale (POS) environments and elsewhere, with increased 
scanning flexibility and high throughput. 

2. Brief Description of the State of Knowledge in the Art 
Typically, omni-directional laser scanning bar code sym 

bol readers employ a regular polygon shape which produces 
a consistent, uniform raster laser scanning pattern through a 
certain Sweep angle. For example, a common scanning poly 
gon has an approximate Square profile producing a 4-line 
raster through nearly 180 degrees of sweep. The deficiency in 
this uniform raster is that when the laser Scanning lines are 
folded into an intersecting 3D scanning Volume for omni 
directional performance, all field angles experience the same 
number of laser Scanning lines. This is not optimal for uni 
form omni-directional performance. 

Typically, bar codes in a “picket fence' orientation (i.e. 
bars and spaces oriented parallel to the direction of code 
motion) are more easily scanned, thereby requiring fewer 
scan lines to do a good Scanning job. As the code orientation 
changes, and tends toward a “ladder” orientation (i.e. bars and 
spaces oriented perpendicular to the direction of code 
motion), more scanning lines are required to maintain the 
same level of performance. 

In NCR's 7878 bioptic laser scanning bar code symbol 
reader, a single, centered laser and a 6-sided irregular polygon 
is employed to produce an approximate 180 degree Sweep 
(i.e. scanning region), wherein the center third of the scanning 
region consists of 6 scanning lines, and the left and right third 
scanning regions each consist of only 3 scanning lines. While 
the NCR prior art system employs non-uniform scan density 
with respect to line orientation, in an attempt to provide a 
more robust scanning pattern, its scan density is not suffi 
ciently non-uniform with respect to line orientation, in many 
applications, and consequently, Scanning performance is 
compromised. 

Thus, there is still a great need in the art for improved 
bi-optical laser Scanning bar code symbol reading system 
which is capable of high-performance, and robust operations 
in demanding POS Scanning environments, while avoiding 
the shortcomings and drawbacks of prior art systems and 
methodologies. 

OBJECTS AND SUMMARY 

Accordingly, a primary object of the present disclosure is 
to provide new and improved laser Scanning bar code symbol 
reading system for use in POS environments, which is free of 
the shortcomings and drawbacks of prior art systems and 
methodologies. 

Another object of the present disclosure is to provide an 
improved laser Scanning system employing multiple off-cen 
ter lasers and an irregular multi-sided scanning polygon (i.e. 
where the interior angles between the sides are not all equal), 
producing a non-uniform laser scanning raster pattern over a 
total Sweep of approximately 180 degrees of polygon rota 
tion, and covering a scanning region includes (i) a center 
scanning region with a first plurality of Scanning lines, two 
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2 
mid scanning regions with a second plurality of scanning 
lines, and far left and right scanning regions each having a 
third plurality of scanning lines, to Support high (full) density, 
mid (2/3) density, and low ('73) density scanning over the 180 
degrees scanning region, for robust omni-directional scan 
ning performance. 

Another object is to provide a new and improved laser 
scanning system employing a pair of off-center lasers and an 
irregular 8-sided scanning polygon, producing a non-uniform 
laser Scanning raster pattern over a total Sweep of approxi 
mately 180 degrees of polygon rotation (i.e. Sweep), and 
covering a scanning region which includes (i) a center scan 
ning region from about 60 to about 120 degrees with twelve 
(12) scanning lines, (ii) two mid scanning regions from about 
30 to about 60 degrees and from about 120 to about 150 
degrees each having eight (8) Scanning lines, and (iii) far left 
and right scanning regions from about 0 to about 30 degrees 
and from about 150 to about 180 degrees, each having four (4) 
Scanning lines. 

Another object is to provide a new and improved laser 
scanning system is provided employing a pair of off-center 
lasers and an irregular 6-sided scanning polygon, producing a 
non-uniform laser scanning raster over a total Sweep of 
approximately 180 degrees of polygon rotation (i.e. Sweep), 
and covering a scanning region which includes (i) a center 
scanning region from about 60 to about 120 degrees with 9 
scanning lines, (ii) two mid scanning regions from about 30 to 
about 60 degrees and from about 120 to about 150 degrees 
each having 6 scanning lines, and (iii) far left and right scan 
ning regions from about 0 to about 30 degrees and from about 
150 to about 180 degrees, each having 3 scanning lines. 
Another object is to provide a bi-optical laser scanning 

system employing a first and second laser Scanning Sub 
systems, wherein the first laser Scanning system is installed in 
Vertical housing section of the system, and the second laser 
scanning station in the horizontal housing section of the sys 
tem, and wherein each laser Scanning Subsystem employs 
multiple laser beams, and a single, common irregular multi 
sided scanning polygon to generate different non-uniform 
laser scanning raster patterns, in the Vertical and horizontal 
housing sections, which are folded in the vertical and hori 
Zontal housing sections by first and second laser scanning 
pattern folding mirror arrays, respectively, and projected laser 
scanning planes through the vertical and horizontal scanning 
windows which intersection in a 3D scanning Volume dis 
posed therebetween to generate an omni-directional laser 
scanning pattern for Supporting robust omni-directional scan 
ning performance. 

Another object is to provide Such a bi-optical laser scan 
ning system, wherein at least two laser beams are positioned 
on one side of the Scanning polygon in the first laser scanning 
Subsystem, and at least two laser beams are positioned on the 
opposing side of the scanning polygon in the horizontal hous 
ing section, so that with each revolution of the multi-sided 
irregular Scanning polygon, two completely separate non 
uniform laser scanning raster patterns with 180 degrees of 
scan coverage are generated in the vertical and horizontal 
housing sections, respectively, and projected off separate 
laser Scanning pattern folding mirror arrays and out of the 
Vertical and horizontal scanning windows, respectively, and 
into the 3D scanning Volume. 

Another object is to provide a new and improved laser 
scanning system employing multiple off-center lasers and an 
irregular 8-sided scanning polygon, producing a non-uniform 
laser Scanning raster pattern over approximately 180 degrees 
of polygon rotation, and covering a scanning region which 
includes (i) a center Scanning region from about 60 to about 
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120 degrees with twelve (12) scanning lines, (ii) two mid 
scanning regions from about 30 to about 60 degrees and from 
about 120 to about 150 degrees each having eight (8) scan 
ning lines, and (iii) far left and right Scanning regions from 
about 0 to about 30 degrees and from about 150 to about 180 
degrees, each having four (4) scanning lines. 

Another object is to provide a new and improved laser 
scanning system employing multiple off-center lasers and an 
irregular 6-sided scanning polygon, producing a non-uniform 
laser Scanning raster pattern over a total Sweep of approxi 
mately 180 degrees of polygon rotation (i.e. Sweep), a cover 
ing a scanning region which includes (i) a center scanning 
region from about 60 to about 120 degrees with 9 scanning 
lines, (ii) two mid scanning regions from about 30 to about 60 
degrees and from about 120 to about 150 degrees each having 
6 scanning lines, and (iii) far left and right Scanning regions 
from about 0 to about 30 degrees and from about 150 to about 
180 degrees, each having 3 scanning lines. 
Another object is to provide a hybrid-type bi-optical bar 

code symbol reading system comprising: first and second 
laser Scanning Subsystems, wherein each laser Scanning Sub 
system includes multiple off-center lasers, and an irregular 
multi-sided scanning polygon, in common with both laser 
scanning Subsystems, and producing a non-uniform laser 
scanning raster pattern over a total Sweep of approximately 
180 degrees of polygon rotation (i.e. scanning region) and 
projecting through the vertical and horizontal scanning win 
dows and into a 3D scanning Volume; and a digital imaging 
module projecting a field of view (FOV) and field of illumi 
nation (FOI) out into the 3D scanning volume, to enable laser 
scanning and digital imaging of bar code symbols at a POS 
station, in a user-transparent manner. 

Another object is to provide such a hybrid-type bi-optical 
bar code symbol reading system, wherein the scanning region 
includes (i) a center Scanning field with a first plurality of 
scanning lines, (ii) two mid scanning fields with a second 
plurality of scanning lines, and (iii) far left and right scanning 
fields, each having a third plurality of Scanning lines, to 
support high (full) density, mid (2/3) density, and low (/3) 
density Scanning over the 180 degrees scanning region, 
within a 3D scanning volume between the vertical and hori 
Zontal scanning windows; 

Another object is to provide a hybrid-type bi-optical bar 
code symbol reading system that helps provide improvements 
in worker productivity and checkout speed and throughput. 

These and other objects will become apparent hereinafter 
and in the Claims appended hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order to more fully understand the Objects, the follow 
ing Detailed Description of the Illustrative Embodiments 
should be read in conjunction with the accompanying figure 
Drawings in which: 

FIG. 1A is a first perspective view of hybrid-type bi-optical 
bar code symbol reading system according to first illustrative 
embodiment of the present disclosure, adapted for use at a 
point of sale (POS) checkout station in a retail environment, 
and capable of Supporting several different modes of opera 
tion including a hybrid laser Scanning and digital imaging 
mode of operation, a laser Scanning only mode of operation, 
and a digital imaging only mode of operation; 

FIG. 1B a second perspective view of the hybrid-type bi 
optical bar code symbol reading system of FIG. 1A, showing 
the field of view (FOV) and field of illumination (FOI) of the 
digital imaging Subsystem directly projecting through the 
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4 
Vertical scanning window in the vertical section of the system 
housing, and into the 3D laser scanning Volume Supported by 
the system; 

FIG. 1C is a first cross-sectional side view of the hybrid 
type bi-optical bar code symbol reading system of FIGS. 1A 
and 1B, showing the FOV of digital imaging module being 
projected through the vertical scanning window, into the 3D 
scanning Volume of the system, as an operator naturally pre 
sents a difficult to read code symbol closely towards the 
Vertical scanning window; 
FIG.1D is a second cross-sectional side view of the hybrid 

type bi-optical bar code symbol reading system of FIGS. 1A 
and 1B, showing optical and electro-optical components of 
the digital imaging Subsystem and the laser Scanning Sub 
system containing within the system housing, and the FOV of 
the digital imaging system projecting through and spatially 
overlapping with the field of view (FOV) of the laserscanning 
subsystem embedded within the vertical section of the system 
housing: 

FIG. 2A is a perspective view of the digital imaging mod 
ule (i.e. digital imaging Subsystem) employed in the hybrid 
type bi-optical bar code symbol reading system of FIGS. 1A 
through 1D, showing its area-type image detection array 
mounted on a PC board Supporting drivers and control cir 
cuits, and surrounded by a pair of linear arrays of LEDs for 
directly projecting a field of visible illumination (FOI) spa 
tially co-extensive with and spatially-overlapping the FOV of 
the digital imaging Subsystem; 
FIG.2B is a side view of the digital imaging module shown 

in FIG. 2A, showing the field of visible illumination produced 
by its array of LEDs being spatially co-extensive with and 
spatially-overlapping the FOV of the digital imaging Sub 
system; 

FIG. 2C is an exploded view of the digital imaging module 
shown in FIG. 2A; 

FIG. 3 is a rear perspective view of the hybrid-type bi 
optical bar code symbol reading system of FIGS. 1A and 1B, 
showingaportal with a cavity formed in the rear section of the 
system housing, for receipt of a digital imaging module for 
projecting the FOV and illumination field produced from the 
digital imaging module when it is installed within the portal; 

FIG. 4 is a cross-sectional view of the hybrid-type bi 
optical bar code symbol reading system of FIGS. 1A through 
1E and 3, showing the digital imaging module installed 
through the portal and into the cavity formed in the rear 
portion of the system housing, with all of the electrical inter 
faces between the digital imaging module and system being 
established on completion of the module installation; 

FIG. 5 is a block schematic representation of the hybrid 
scanning/imaging code symbol reading system of FIGS. 1A 
through 1D, wherein (i) a pair of laser Scanning Subsystems 
(i.e. stations) support omnidirectional laser scanning of bar 
code symbols on objects passing through the 3D scanning 
Volume of the system, and (ii) a digital imaging module, 
Supported within the system housing, Supports digital imag 
ing-based reading of bar code symbols presented within the 
FOV of the system: 

FIG. 6 is a block schematic representation of the digital 
imaging module Supported within the hybrid scanning/imag 
ing code symbol reading system of FIGS. 1A through 1D; 

FIG. 7 is a schematic representation of the 8-sided irregular 
scanning polygon deployed in the hybrid-type scanning/im 
aging system shown in FIGS. 1 through 6; 

FIG. 8 is a schematic representation of an alternative 
embodiment of multi-sided irregular scanning polygon hav 
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ing six (6) sides (i.e. reflective Surfaces) that can be deployed 
in the hybrid-type scanning/imaging system shown in FIGS. 
1 through 6; and 

FIG. 9 is a schematic representation of the laser scanning 
Subsystems deployed in the hybrid-type system shown in 
FIGS. 1 through 5, illustrating the use of two (2) off-center 
lasers and a single, common irregular multi-sided (e.g. 
8-sided) scanning polygon in each laser scanning Subsystem 
So as to produce a laser scanning raster over a total Sweep of 
approximately 180 degrees of polygon rotation (i.e. Sweep) 
and covering a scanning region which includes (i) a center 
scanning region with a first plurality of scanning lines, (ii) two 
mid scanning regions with a second plurality of scanning 
lines, and (iii) far left and right scanning regions each having 
a third plurality of Scanning lines, thereby supporting high 
(full) density, mid (3/3) density, and low (/3) density Scanning 
over the 180 degrees scanning region, for robust omni-direc 
tional scanning performance, in accordance with the prin 
ciples of the present disclosure. 

DETAILED DESCRIPTION OF THE 
ILLUSTRATIVE EMBODIMENT 

Referring to the figures in the accompanying Drawings, the 
various illustrative embodiments of the apparatus and meth 
odologies will be described in great detail, wherein like ele 
ments will be indicated using like reference numerals. 
Overview of the Laser Scanning Assembly of the Present 
Disclosure 
The present disclosure teaches a novel laser Scanning 

assembly comprising an irregular polygon Scanning element, 
and multiple off-axis lasers arranged to generate a laser scan 
ning raster pattern having a highly non-uniform Scanning 
density over its scanning region, illustrated in FIG.9. While it 
is understood that this novel laser Scanning assembly can be 
used in diverse types of laser scanning systems, including 
slot-type laser Scanners, laser projection scanner, as well as 
bi-optical laser Scanning systems, for purposes of illustration, 
the laser scanning assembly will be described as embodied 
within a hybrid laser-scanning/digital-imaging (i.e. scanning/ 
imaging) based barcode symbol reading system 100 shown in 
FIGS. 1A through 1D. 
Illustrative Embodiment of the Hybrid-Type Scanning/Imag 
ing System 

In FIGS. 1A and 1B, the hybrid laser-scanning/digital 
imaging (i.e. Scanning/imaging) bar code symbol reading 
system 100 supports three different modes of operation, 
namely: a laser Scanning (only) mode of operation; a digital 
imaging mode of operation; and a hybrid Scanning/imaging 
mode of operation. The hybrid Scanning/imaging system 100, 
and its various modes of operation, will now be described 
below in great technical detail. 
As shown in FIGS. 1A, 1B and 1C, the hybrid scanning/ 

imaging code symbol reading system includes a system hous 
ing 2 having a vertical housing section 2A having a vertical 
optically transparent (glass) scanning window 3A, and a hori 
Zontal housing section 2B having a horizontal optically trans 
parent (glass) scanning window 3B. As shown, the horizontal 
and Vertical sections 2A and 2B are arranged in an orthogonal 
relationship with respect to each other such that the horizontal 
and vertical scanning windows are Substantially perpendicu 
lar. First and second laser scanning stations 150A and 150B 
are mounted within the system housing, and provide a result 
ant laser Scanning Subsystem 150 for generating and project 
ing a complex group of laser scanning planes through laser 
scanning windows 3A and 3B where the laser Scanning planes 
intersect and produce an omni-directional laser Scanning pat 
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6 
tern within a 3D scanning volume 80 defined between scan 
ning windows 3A and 3B, as shown in FIGS. 1 and 1C, and 
other figures. 
As shown in FIGS. 1A and 1B, an IR-based proximity 

detector 67 is mounted in the front portion of the housing for 
automatically detecting the presence of a human operator in 
front of the 3D scanning volume 80 region during system 
operation. The function of the IR-based proximity detector 67 
is to wake up the system (i.e. WAKE UP MODE), and set a 
SLEEP Timer (T1) which counts how long the system has to 
read a bar code symbol (e.g. 15 minutes) before the system is 
automatically induced into its SLEEP MODE, where the 
polygon scanning element 394 and laser diodes 395A, 395B, 
395C and 395D are deactivated to conserve electrical power 
within the system. Preferably, the IR-based proximity (i.e. 
wake-up) detector 67 is realized using (i) an IR photo-trans 
mitter for generating a high-frequency amplitude modulated 
IR beam, and (ii) a IR photo-receiver for receiving reflections 
of the amplitude modulated IR beam, using a synchronous 
detection circuitry, well known in the art. 
As shown in FIG. 1B, a digital camera mounting/installa 

tion portal 288 is formed in the upper housing section of the 
system housing, and has a geometry closely matching the 
geometry of the digital imaging module 210 so that the mod 
ule slides and fits into the installation portal 288. As shown in 
FIGS. 5 and 6, the digital imaging module 210 has data and 
power/control interfaces 295 and 296 which are adapted to 
engage and establish electrical connections with matching 
data and power/control interfaces 287 and 286, respectively, 
mounted within the interior portion of the portal 288. 
As shown in FIG. 1C, installation portal 288 is formed 

within the vertical section of the housing, and includes a 
peep-type aperture 289 allowing the FOV and field of illumi 
nation (FOI) to project therethrough, and then directly 
through the vertical scanning window 3A, and into 3D scan 
ning volume 80. Preferably, the field of view (FOV) will 
extend at least several inches (e.g. 6 inches or more) into the 
3D scanning volume 80, with a depth of focus before the 
Vertical scanning window 3A. 
As shown in FIG. 1C, a target illumination subsystem 231 

within the digital imaging module 210 can be configured to 
generate a visible targeting beam 270 that is projected along 
the FOV within the 3D scanning volume. Also, the automatic 
object detection Subsystem 220 within the digital imaging 
module 210 can be configured to project an IR-based detec 
tion beam 232 through the vertical scanning window 3A, to 
detect an object being presented to the vertical scanning win 
dow 3A, and thereupon, activating the digital imaging mod 
ule 210 to capture and process digital images of the presented 
product, and any bar code symbols Supported on the Surface 
thereof. 

Alternatively, the object detection subsystem 220 can be 
disabled and the digital imaging module operated in its 
enhanced continuous imaging presentation mode, where 
digital images of the FOV are continuously captured, buff 
ered and processed at a rate 60 frames per second. 
As shown in FIG. 1C, during the hybrid Scanning/imaging 

mode of operation, the FOV of the digital imaging module 
spatially overlaps a portion of the 3D scanning volume 80 of 
the system. However, in alternative embodiments, the digital 
imaging FOV can completely spatially overlap the entire 3D 
scanning Volume 80, or simply fill in a region of space 
between the vertical scanning window and the edgeportion of 
the 3D scanning volume 80. This way, when the operator 
presents a bar coded product through the 3D scanning Vol 
ume, towards the vertical scanning window, 'Sure-shot' bar 
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code reading operation will be ensured even when reading the 
most-difficult-to-read bar code symbols. 

In FIGS. 2A through 2C, the physical construction of an 
illustrative embodiment of the digital imaging module 210 is 
shown in great technical detail. As shown, the digital imaging 
module 210 comprises: a PC board 208, on which area-type 
image detection array (i.e. sensor) 235 (e.g. 5.0 megapixel 2D 
image sensor), LED arrays 223A and 223B, and image for 
mation optics 234, are mounted, along with the circuitry 
specified in FIG. 6; a mounting framework 242 attached to the 
PC board 208 as shown; module housing 243 for containing 
the PC board 208 and mounting framework 242, and having a 
light transmission aperture 244 allowing the FOV of the 
image sensor 235 and the field of illumination (FOI) from 
LED arrays 223A, 223B project out of the module housing 
243, and ultimately through the peep-hole aperture 289 
formed in the installation portal 288, when the module 210 is 
installed therein, as shown in FIG. 4; and data and power/ 
control interfaces 287 and 286, respectively, mounted on PC 
board and extending through the module housing 243 So that 
matching interface connections can be established in the 
installation portal 288, when the module is installed therein. 
As shown in the system diagram of FIG. 5, hybrid scan 

ning/imaging system 100 generally comprises: laser scan 
ning stations 150A and 150B for generating and projecting 
groups of laser Scanning planes through the vertical and hori 
Zontal scanning windows 3A and 3B, respectively, and gen 
erating scan data streams from Scanning objects in the 3D 
scanning Volume 80; a scan data processing Subsystem 20 for 
Supporting automatic scan data processing based bar code 
symbol reading using the scan data streams generated from 
laser scanning stations 150A and 150B; an input/output sub 
system 25 for interfacing with the image processing Sub 
system 20, the electronic weight scale 22, RFID reader 26, 
credit-card reader 27, Electronic Article Surveillance (EAS) 
Subsystem 28 (including a Sensormatic(R) EAS tag deactiva 
tion block 29 integrated in system, and an audible/visual 
information display subsystem (i.e. module) 310: a Blue 
Tooth R. RF 2-way communication interface 135 including 
RF transceivers and antennas 103A for connecting to Blue 
tooth R enabled hand-held scanners, imagers, PDAs, portable 
computers 136 and the like, for control, management, appli 
cation and diagnostic purposes; digital imaging module 210 
specified in FIG. 6, and having data/power/control interface 
294 provided on the exterior of the module housing, and 
interfacing and establishing electrical interconnections with 
data/power/control interface 285 when the digital imaging 
module 210 is installed in its installation portal 288 as shown 
in FIG. 1C: a control subsystem 37 for controlling (i.e. 
orchestrating and managing) the operation of the laser scan 
ning stations (i.e. subsystems 150A, 150B), the functions of 
the digital imaging module 210, and other Subsystems Sup 
ported in the system; and IR-based wake-up detector 67. 
operably connected to the control subsystem 37, for generat 
ing and Supplying a first trigger signal to the system controller 
in response to automatic detection of an operatorin proximity 
(e.g. 1-2 feet) of the system housing. 

In the illustrative embodiment disclosed herein, each laser 
scanning station 150A, 150B is constructed from a single, 
common "irregular rotating polygon 394, having either 
8-sides shown in FIG. 7 or 6-sides shown in FIG. 8, that is 
mounted at the junction between the vertical and horizontal 
housing sections 2A, 2B, and driven by a high-speed brush 
less DC motor, and associated drive and sensing circuitry, as 
shown in FIG. 1D. What makes the rotating polygon 394 
irregular is the fact that interiorangles between adjacent sides 
of the polygon element are not equal in size, and in fact, are 
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Substantially different so as to generate a raster scanning 
pattern having a highly non-uniform scan density, as illus 
trated in FIG. 9. 

In the illustrative embodiment, laser Scanning Subsystem 
150A comprises: a pair of visible laser diode sources (e.g. 
VLDs)395A and 395B mounted off center to the central axis 
399 of the system, for generating a first laser scanning raster 
pattern 410; light collection optics 396B and a pair of photo 
diodes 397A and 397B mounted so collect and detect incom 
ing light rays produced by VLDS 395A and 395B, and gen 
erate corresponding analog electrical scan data signals for 
scan data and decode processing by scan data processing 
subsystem 20 shown in FIG. 5; and array of laser scanning 
pattern folding mirrors 398A installed in the horizontal hous 
ing sections, as shown in FIG. 1D, for folding the raster 
scanning pattern 410, and projecting a folded scanning pat 
tern out the horizontal scanning window 3A and into the 3D 
Scanning Volume. 

Also, laser Scanning Subsystem 150B comprises: a pair of 
visible laser diode sources (e.g. VLDs) 395C and 395D 
mounted off center to the central axis 399 of the system, for 
generating a second laser scanning raster pattern 420; light 
collection optics 396B and a pair of photodiodes 397C and 
397D mounted so collect and detect incoming light rays pro 
duced by VLDS 395C and 395D, and generate corresponding 
analog electrical scan data signals for scan data and decode 
processing by scan data processing Subsystem 20 shown in 
FIG. 5; and array of laser Scanning pattern folding mirrors 
398B installed in the horizontal housing sections, as shown in 
FIG. 1D, for folding the second raster scanning pattern 420 
and projecting the folded scanning pattern through the verti 
cal scanning window 3B, and out into the 3D scanning Vol 
le. 

As illustrated in FIGS. 1D and 9, laser beams from VLDs 
395A and 395B are positioned on a first side of the scanning 
polygon 394 in the first laser scanning subsystem 150A, and 
laser beams 395C and 395D are positioned on the opposing 
side of the Scanning polygon 394, mounted at the junction of 
the vertical and horizontal housing sections 2A, 2B. With this 
bi-optical laser scanning arrangement, during each complete 
revolution of the Scanning polygon 394, two completely sepa 
rate laser scanning raster patterns (410.420) with 180 degrees 
of scan coverage are simultaneously generated in the Vertical 
and horizontal housing sections, respectively, and projected/ 
folded off laser scanning pattern folding mirror arrays 398A 
and 398B, respectively, and out the vertical and horizontal 
scanning windows 3A and 3B, respectively, and into the 3D 
scanning Volume 80. 
As shown in FIG. 9, laser scanning subsystem 150A pro 

duces a laser scanning raster pattern 410 over a total Sweep of 
approximately 180 degrees of polygon rotation (i.e. Sweep) 
and covering a scanning region 430 which includes: (i) a 
center scanning region (i.e. field) 430A from about 60 to 
about 120 degrees with twelve (12) scanning lines; (ii) two 
mid scanning regions (i.e. field) 430B1 and 430B2 from about 
30 to about 60 degrees and from about 120 to about 150 
degrees, each having eight (8) scanning lines; and (iii) far left 
and right scanning regions (i.e. fields) 430C1 and 430C2 from 
about 0 to about 30 degrees and from about 150 to about 180 
degrees, each having four (4) scanning lines. The resulting 
laser Scanning raster patterns generated the four off-center 
laser beams reflecting off the multi-side irregular polygon 
394 while it is rotating, supports high (full) density, mid (2/3) 
density, and low (/3) density Scanning over the 180 degrees 
scanning region, for robustomni-directional Scanning perfor 
aCC. 
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Similarly, as shown in FIG. 9, laser scanning subsystem 
150B produces a laser scanning raster pattern 420 over a total 
Sweep of approximately 180 degrees of polygon rotation (i.e. 
Sweep) and covering a scanning region 430 which includes: 
(i) a center scanning region 430A' from about 60 to about 120 
degrees with twelve (12) scanning lines; (ii) two mid scan 
ning regions 430B1 and 430B2' from about 30 to about 60 
degrees and from about 120 to about 150 degrees, each having 
eight (8) Scanning lines; and (iii) far left and right scanning 
regions 430C1' and 430C2' from about 0 to about 30 degrees 
and from about 150 to about 180 degrees, each having four (4) 
scanning lines. The resulting laser Scanning raster patterns are 
folded by the scanning pattern folding mirror arrays 398A 
and 398B to project laser scanning planes through the vertical 
and horizontal scanning windows 3A and 3B, for intersection 
in the 3D scanning volume 80 to support high (full) density, 
mid (2/3) density, and low ('73) density scanning over the 180 
degrees Scanning region, for robust omni-directional scan 
ning performance. 

Alternatively, the irregular 6-sided scanning polygon 394' 
shown in FIG. 8 can be used instead of the 8-sided irregular 
scanning polygon shown in FIG. 7. In Such an alternative 
embodiment, each laser scanning subsystem, 150A, 150B' 
will generate a laser scanning raster over a total Sweep of 
approximately 180 degrees of polygon rotation (i.e. Sweep), 
wherein the scanning region includes: (i) a center scanning 
region (i.e. field) from about 60 to about 120 degrees with 9 
scanning lines; (ii) two mid scanning regions (i.e. fields) from 
about 30 to about 60 degrees and from about 120 to about 150 
degrees each having 6 scanning lines; and (iii) far left and 
right Scanning regions (i.e. fields) from about 0 to about 30 
degrees and from about 150 to about 180 degrees, each having 
3 scanning lines. 

In FIG. 5, the bar code symbol reading module employed 
along each channel of the scan data processing Subsystem 20 
can be realized using conventional bar code reading tech 
niques, including bar code symbol Stitching-based decoding 
techniques, well known in the art. 
As shown in FIG. 6, the digital imaging module or Sub 

system 210 employed in the illustrative embodiment of the 
hybrid scanning/imaging system 100 is realized as a complete 
stand-alone digital imager, comprising a number of compo 
nents, namely: an image formation and detection (i.e. camera) 
Subsystem 221 having image formation (camera) optics 234 
for producing a field of view (FOV) upon an object to be 
imaged and a CMOS or like area-type image detection array 
235 for detecting imaged light reflected off the object during 
illumination operations in an image capture mode in which at 
least a plurality of rows of pixels on the image detection array 
are enabled; a LED-based illumination subsystem 222 
employing an LED illumination array 232 for producing a 
field of narrow-band wide-area illumination 226 within the 
entire FOV 233 of the image formation and detection sub 
system 221, which is reflected from the illuminated object 
and transmitted through a narrow-band transmission-type 
optical filter and detected by the image detection array 235, 
while all other components of ambient light are substantially 
rejected; an automatic light exposure measurement and illu 
mination control Subsystem 224 for controlling the operation 
of the LED-based illumination Subsystem 222; an image cap 
turing and buffering subsystem 225 for capturing and buffer 
ing 2-D images detected by the image formation and detec 
tion Subsystem 221; a digital image processing Subsystem 
226 for processing 2D digital images captured and buffered 
by the image capturing and buffering Subsystem 225 and 
reading 1D and/or 2D bar code symbols represented therein; 
an input/output subsystem 527 for outputting processed 
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10 
image data and the like to an external host system or other 
information receiving or responding device; a system 
memory 229 for storing data implementing a configuration 
table 229A of system configuration parameters (SCPs); data/ 
power/control interface 294 including a data communication 
interface 295, a control interface 296, and an electrical power 
interface 297 operably connected to an on-board battery 
power supply and power distribution circuitry 293; a Blue 
tooth communication interface, interfaced with I/O sub 
system 227; and a system control subsystem 230 integrated 
with the Subsystems above, for controlling and/or coordinat 
ing these Subsystems during system operation. 

In addition, the hybrid system 100 also includes: an object 
targeting illumination Subsystem 231 for generating a nar 
row-area targeting illumination beam 270 into the FOV, to 
help allow the user align bar code symbols within the active 
portion of the FOV where imaging occurs; and also an object 
detection Subsystem 43 for automatically producing an object 
detection field within the FOV 233 of the image formation 
and detection Subsystem 221, to detect the presence of an 
object within predetermined edge regions of the object detec 
tion field, and generate control signals that are Supplied to the 
system control subsystem 230 to indicate when an object is 
detected within the object detection field of the system. 

In order to implement the object targeting Subsystem 231, 
a pair of visible LEDs can be arranged on opposite sides of the 
FOV optics 234, in the digital imaging module 210, so as to 
generate a linear visible targeting beam that is projected off a 
FOV folding and out the imaging window 203, as shown and 
described in detail in US Publication No. US20080314985 
A1, incorporated herein by reference in its entirety. Also, the 
object motion detection subsystem 231 can be implemented 
using one or more pairs of IR LED and IR photodiodes, 
mounted within the system housing 2A, or within the digital 
imaging module 210, as disclosed in copending U.S. appli 
cation Ser. No. 13/160,873 filed Jun. 15, 2011, incorporated 
herein by references, to automatically detect the presence of 
objects in the FOV of the system, and entering and leaving the 
3D scanning volume 80. 
The primary function of the image formation and detection 

Subsystem 221 which includes image formation (camera) 
optics 234, is to provide a field of view (FOV) 233 upon an 
object to be imaged and a CMOS area-type image detection 
array 235 for detecting imaged light reflected off the object 
during illumination and image acquisition/capture opera 
tions. 
The primary function of the LED-based illumination sub 

system 222 is to produce a wide-area illumination field 36 
from the LED array 223 when an object is automatically 
detected within the FOV. Notably, the field of illumination has 
a narrow optical-bandwidth and is spatially confined within 
the FOV of the image formation and detection subsystem 521 
during modes of illumination and imaging. This arrangement 
is designed to ensure that only narrow-band illumination 
transmitted from the illumination subsystem 222, and 
reflected from the illuminated object, is ultimately transmit 
ted through a narrow-band transmission-type optical filter 
subsystem 240 within the system and reaches the CMOS 
area-type image detection array 235 for detection and pro 
cessing, whereas all other components of ambient light col 
lected by the light collection optics are substantially rejected 
at the image detection array 535, thereby providing improved 
SNR, thus improving the performance of the system. 
The narrow-band transmission-type optical filter sub 

system 240 is realized by (i) a high-pass (i.e. red-wavelength 
reflecting) filter element embodied within at the imaging 
window 203, and (2) a low-pass filter element mounted either 
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before the CMOS area-type image detection array 235 or 
anywhere after beyond the high-pass filter element, including 
being realized as a dichroic mirror film Supported on at least 
one of the FOV folding mirrors employed in the module. 
The automatic light exposure measurement and illumina 

tion control Subsystem 224 performs two primary functions: 
(i) to measure, in real-time, the power density jouleS/cm of 
photonic energy (i.e. light) collected by the optics of the 
system at about its image detection array 235, and to generate 
auto-exposure control signals indicating the amount of expo 
Sure required for good image formation and detection; and (2) 
in combination with the illumination array selection control 
signal provided by the system control subsystem 230, to 
automatically drive and control the output power of the LED 
array 223 in the illumination subsystem 222, so that objects 
within the FOV of the system are optimally exposed to LED 
based illumination and optimal images are formed and 
detected at the image detection array 235. 
The primary function of the image capturing and buffering 

subsystem 225 is (i) to detect the entire 2-D image focused 
onto the 2D image detection array 235 by the image formation 
optics 234 of the system, (2) to generate a frame of digital 
pixel data for either a selected region of interest of the cap 
tured image frame, or for the entire detected image, and then 
(3) buffer each frame of image data as it is captured. Notably, 
in the illustrative embodiment, the system has both single 
shot and video modes of imaging. In the single shot mode, a 
single 2D image frame (31) is captured during each image 
capture and processing cycle, or during a particular stage of a 
processing cycle. In the video mode of imaging, the system 
continuously captures frames of digital images of objects in 
the FOV. These modes are specified in further detail in US 
Patent Publication No. 2008/0314985 A1, incorporated 
herein by reference in its entirety. 

The primary function of the digital image processing Sub 
system 226 is to process digital images that have been cap 
tured and buffered by the image capturing and buffering 
Subsystem 225, during modes of illumination and operation. 
Such image processing operations include image-based bar 
code decoding methods as described in U.S. Pat. No. 7,128, 
266, incorporated herein by reference. 
The primary function of the input/output subsystem 227 is 

to Support universal, standard and/or proprietary data com 
munication interfaces with host system 9 and other external 
devices, and output processed image data and the like to host 
system 9 and/or devices, by way of Such communication 
interfaces. Examples of Such interfaces, and technology for 
implementing the same, are given in U.S. Pat. No. 6,619,549, 
incorporated herein by reference. 
The primary function of the system control subsystem 230 

is to provide some predetermined degree of control, coordi 
nation and/or management signaling services to each Sub 
system component integrated within the system, when oper 
ated in its digital imaging mode of operation shown in FIG. 
1D. Also, in the illustrative embodiment, when digital imag 
ing module 210 is installed in portal 288, and interfaced with 
data/power/control interface 285, system control subsystem 
230 functions as a slave controller under the control of master 
control subsystem 37. While this subsystem can be imple 
mented by a programmed microprocessor, in the preferred 
embodiments of the present disclosure, this Subsystem is 
implemented by the three-tier software architecture Sup 
ported on micro-computing platform, described in U.S. Pat. 
No. 7,128.266, incorporated herein by reference. 
The primary function of the system configuration param 

eter (SCP) table 229A in system memory is to store (in non 
Volatile/persistent memory) a set of system configuration and 
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control parameters (i.e. SCPs) for each of the available fea 
tures and functionalities, and programmable modes of Sup 
ported System operation, and which can be automatically read 
and used by the system control subsystem 230 as required 
during its complex operations. Notably, such SCPs can be 
dynamically managed as taught in great detail in co-pending 
US Publication No. 2008/0314985 A1, incorporated herein 
by reference. 
Illustrative Embodiment of the Control Process Supported 
within the Bi-Optical Hybrid Scanning/Imaging Code Sym 
bol Reading System 

While the bi-optical hybrid scanning/imaging code symbol 
reading system 100 has the capacity to Support various types 
of control processes during its hybrid Scanning/imaging 
mode of operation, the preferred mode of operation is where 
the digital imaging Subsystem supports a continuous stream 
ing-type presentation mode of operation upon the detection of 
the operator by IR-based detection subsystem 67. 

In response to Subsystem 67 detecting the presence of an 
operator at the POS station, the system controller 37 over 
rides other controls and instructs (i.e. determines) that laser 
scanning subsystems 150A, 150B generate an omni-direc 
tional laser scanning field within the 3D scanning volume 80. 
while the digital imaging module 210 generates a field of 
illumination (FOI) consisting of 60 flashes per second with a 
100 us long flash duration that is coextensive with the pro 
jected FOV, so that the digital imaging Subsystem continu 
ously and transparently supports the digital image capture, 
buffering and processing at a least 60 frames per second 
(FPS), with less than 127 microsecond image sensor exposure 
time, and a re-read delay set to 100 milliseconds. By using 
100 us long flash duration, the perceived illumination inten 
sity is extremely low to the human vision system. Also, with 
a 100 mm internal optical throw, the digital imaging Sub 
system supports a 2" depth of field (DOF) resolution of 4.0 
mil symbologies at the vertical scanning window 3A. 

In alternative embodiments, the digital imaging module 
210 can be configured in alternative ways, such as, for 
example, to continuously support the digital image capture, 
buffering and processing at a least 60 frames per second 
(FPS), with 50 microsecond to 100 microsecond image sen 
Sor exposure times, or using alternative system configuration 
parameters (SCPs). With a 120 mm internal optical throw, the 
digital imaging subsystem supports a 1.5" to 2" DOF resolu 
tion of 4.0 mil symbologies at the vertical scanning window 
3A, with a slightly increased WOF at the vertical scanning 
window 3A. 
Modifications that Come to Mind 
The above-described system and method embodiments 

have been provided as illustrative examples of how the laser 
scanning Subsystems can be adapted to generate omni-direc 
tional laser Scanning patterns having a Substantially non 
inform Scanning densities over the Scanning field of the sys 
tem. This has been achieved using multi-sided irregular 
scanning polygons and multiple off-axis laser beams. It is 
understood, however, that variations and modifications to 
Such laser Scanning apparatus will readily occur to those 
skilled in the art having the benefit of the present disclosure. 
All such modifications and variations are deemed to be within 
the scope of the accompanying Claims. 

What is claimed is: 
1. A laser scanning bar code symbol reading system com 

prising: 
a system housing having a vertical housing section having 

a vertical scanning window and a horizontal housing 
section having a horizontal scanning window; 
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a laser Scanning Subsystem disposed in said system hous 
1ng 

wherein said laser Scanning Subsystem employs multiple 
off-center lasers directed onto an irregular multi-sided 
Scanning polygon rotating about an axis of rotation, and 
producing a non-uniform laser Scanning raster pattern 
over a total sweep of approximately 180 degrees of 
polygon rotation, and covering a scanning region includ 
ing a center scanning region with a first plurality of 
Scanning lines, two mid scanning regions with a second 
plurality of Scanning lines, and far left and right scan 
ning regions each having a third plurality of scanning 
lines, to Support high density, mid density, and low den 
sity Scanning over said 180 degrees Scanning region; 

wherein said multi-sided scanning polygon has multiple 
Scanning Surfaces and multiple interior angles, wherein 
said interior angles between said multiple Scanning Sur 
faces are not all equal; and 

a plurality of scanning pattern folding mirrors, for folding 
said non-uniform laser Scanning raster pattern and gen 
erating and projecting a plurality of laser scanning 
planes through said vertical and horizontal scanning 
windows, which intersect within a 3D scanning Volume 
defined between said vertical and horizontal scanning 
windows and provide an omni-directional laser scan 
ning pattern within said 3D scanning Volume, for scan 
ning one or more objects within said 3D scanning Vol 
ume and producing scan data for decode processing. 

2. The laser Scanning bar code symbol reading system of 
claim 1, which further comprises a scan data processor for 
processing said scan data produced by said laser Scanning 
subsystem in effort to read a bar code symbol on each object 
passed through said 3D scanning Volume, and generating 
symbol character data for each read bar code symbol. 

3. The laser Scanning bar code symbol reading system of 
claim 1, wherein said irregular multi-sided scanning polygon 
comprises an 8-sided irregular scanning polygon, producing 
a non-uniform laser scanning raster pattern over a total Sweep 
of approximately 180 degrees of polygon rotation, and cov 
ering a scanning region which includes (i) a center scanning 
region from about 60 to about 120 degrees with twelve (12) 
scanning lines, (ii) two mid scanning regions from about 30 to 
about 60 degrees and from about 120 to about 150 degrees 
each having eight (8) scanning lines, and (iii) far left and right 
scanning regions from about 0 to about 30 degrees and from 
about 150 to about 180 degrees, each having four (4) scanning 
lines. 

4. The laser Scanning bar code symbol reading system of 
claim 1, wherein said irregular multi-sided scanning polygon 
comprises an 6-sided irregular scanning polygon, producing 
a non-uniform laser scanning raster pattern over a total Sweep 
of approximately 180 degrees of polygon rotation, and cov 
ering a scanning region which includes (i) a center scanning 
region from about 60 to about 120 degrees with 9 scanning 
lines, (ii) two mid scanning regions from about 30 to about 60 
degrees and from about 120 to about 150 degrees each having 
6 scanning lines, and (iii) far left and right Scanning regions 
from about 0 to about 30 degrees and from about 150 to about 
180 degrees, each having 3 scanning lines. 

5. The laser Scanning bar code symbol reading system of 
claim 1, wherein each said Scanning Surface on said multi 
sided irregular Scanning polygon is a planar reflective surface. 

6. A bi-optical laser Scanning system comprising: 
a system housing including a vertical housing section hav 

ing a vertical scanning window, and a horizontal housing 
section having a horizontal scanning window, wherein 
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said vertical housing section and said horizontal housing 
section are disposed in a Substantially orthogonal rela 
tionship; 

a first laser Scanning Subsystem installed in said vertical 
housing section, and a second laser scanning Subsystem 
installed in said horizontal housing section; 

a first laser Scanning pattern folding mirror array mounted 
in said vertical housing section, and a second laser scan 
ning pattern folding mirror array mounted in said hori 
Zontal housing section; 

a multi-sided irregular Scanning polygon mounted between 
said first and second housing sections, and rotating about 
an axis of rotation; 

wherein said multi-sided irregular scanning polygon has 
multiple Scanning Surfaces and multiple interior angles, 
wherein said interiorangles between said multiple scan 
ning Surfaces are not all equal; and 

wherein said first laser scanning Subsystem includes at 
least one source for producing a first set of multiple laser 
beams that are directed off axis to strike said single 
multi-sided irregular scanning polygon rotating about 
said axis of rotation, and generate a first non-uniform 
laser Scanning raster pattern in said vertical housing 
section; 

wherein said second laser Scanning Subsystem includes at 
least one source for producing a second set of multiple 
laser beams that are directed off axis to strike said single 
irregular multi-sided scanning polygon rotating about 
said axis of rotation, and generate a second non-uniform 
laser Scanning raster pattern in said horizontal housing 
section; 

wherein said first non-uniform laser scanning raster pattern 
are folded in said vertical housing sections by said first 
laser scanning pattern folding mirror array, and pro 
jected as a first group of laser scanning planes through 
said vertical scanning window; 

wherein said second non-uniform laser Scanning raster 
pattern are folded in said horizontal housing sections by 
said second laser scanning pattern folding mirror array, 
and projected as a second laser scanning planes through 
said horizontal scanning window; and 

wherein said first and second groups of laser scanning 
planes intersect within a 3D scanning Volume disposed 
within said vertical and horizontal scanning windows, to 
generate an omni-directional laser scanning pattern for 
Supporting robust omni-directional scanning perfor 
aCC. 

7. The bi-optical laser scanning system of claim 6, wherein 
said first set of multiple laser beams are positioned on a first 
side of said multi-sided irregular scanning polygon, and said 
second laser beams are positioned on the opposing side of 
said multi-sided irregular scanning polygon, so that with each 
revolution of said multi-sided irregular scanning polygon, (i) 
said first non-uniform laser Scanning raster pattern with 180 
degrees of scan coverage is generated in said vertical housing 
section, and projected off said first laser scanning pattern 
folding mirror array and out of said vertical scanning window, 
and into said 3D scanning Volume; and (ii) said second non 
uniform laser Scanning raster pattern with 180 degrees of scan 
coverage is generated in said horizontal housing section, and 
projected off said second laser scanning pattern folding mir 
ror array and out of said horizontal scanning window, and into 
said 3D scanning Volume. 

8. The bi-optical laser scanning system of claim 6, wherein 
said first set of multiple laser beams comprises first and sec 
ond laserbeams and said multi-sided irregular scanning poly 
gon is an 8-sided irregular scanning polygon, producing said 
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first non-uniform laser scanning raster pattern over approxi- 12. A symbol reading system, comprising: 
mately 180 degrees of polygon rotation, and covering a first a system housing comprising a vertical housing section 
scanning region which includes (i) a center Scanning region having a vertical scanning window and a horizontal 

housing section having a horizontal scanning window; 
a laser Scanning Subsystem within the system housing, 

comprising: 
an irregular, Scanning polygon having an axis of rota 

tion, multiple Scanning Surfaces, and multiple interior 

from about 60 to about 120 degrees with twelve (12) scanning 
lines, (ii) two mid scanning regions from about 30 to about 60 5 
degrees and from about 120 to about 150 degrees each having 
eight (8) scanning lines, and (iii) far left and right scanning 
regions from about 0 to about 30 degrees and from about 150 angles, wherein the interior angles between the mul 
to about 180 degrees, each having four (4) scanning lines; and 10 tiple scanning Surfaces are not all equal; 
said wherein said second set of multiple laser beams com- a laser source producing a first set of multiple laser 
prises third and fourth laser beams, producing said second beams directed onto the irregular, Scanning polygon; 
non-uniform laser Scanning raster pattern over approximately and 
180 degrees of polygon rotation, and covering a second scan- wherein the laser scanning Subsystem produces a first non 

uniform raster pattern over a Sweep encompassing an 
15 angular range of approximately 180 degrees about the 

polygon, the first non-uniform raster pattern covering a 
Scanning region Such that the scanning region’s center 
has a first plurality of Scanning lines, each of the scan 

ning region which includes (i) a center Scanning region from 
about 60 to about 120 degrees with twelve (12) scanning 
lines, (ii) two mid scanning regions from about 30 to about 60 
degrees and from about 120 to about 150 degrees each having 
eight (8) scanning lines, and (iii) far left and right scanning ning region's two mid sections has a second plurality of 
regions from about 0 to about 30 degrees and from about 150 20 Scanning lines, and each of the Scanning region's left and 
to about 180 degrees, each having four (4) scanning lines. right sections has a third plurality of Scanning lines. 

9. The bi-optical laser scanning system of claim 6, wherein 13. The symbol reading system of claim 12, wherein: 
said first set of multiple laser beams comprises first and sec- the first plurality is greater in number than the second 

plurality; and 
the second plurality is greater in number than the third 

plurality. 
14. The symbol reading system of claim 12, comprising a 

digital imaging module. 
15. The symbol reading system of claim 12, wherein each 

30 of the irregular, Scanning polygon's Scanning Surfaces is a 
planar reflective surface. 

16. The symbol reading system of claim 12, wherein the 
irregular, Scanning polygon is an eight-sided polygon. 

17. The symbol reading system of claim 12, wherein: 
the first plurality is three times greater in number than the 

third plurality; and 
the second plurality is two times greater in number than the 

third plurality. 
18. The symbol reading system of claim 12, wherein: 
the first plurality of scanning lines is twelve Scanning lines; 
the second plurality of scanning lines is eight scanning 

lines; and 
the third plurality of scanning lines is four scanning lines. 
19. The symbol reading system of claim 12, wherein the 

laser scanning Subsystem produces a second set of multiple 
laser beams directed onto the irregular, Scanning polygon. 

20. The symbol reading system of claim 12, wherein the 
laser Scanning Subsystem produces: 

ond laser beams and said multi-sided irregular scanning poly 
gon is an 6-sided irregular scanning polygon, producing said 25 
first non-uniform laser scanning raster pattern over a total 
Sweep of approximately 180 degrees of polygon rotation, a 
covering a first scanning region which includes (i) a center 
scanning region from about 60 to about 120 degrees with 9 
scanning lines, (ii) two mid scanning regions from about 30 to 
about 60 degrees and from about 120 to about 150 degrees 
each having 6 scanning lines, and (iii) far left and right scan 
ning regions from about 0 to about 30 degrees and from about 
150 to about 180 degrees, each having 3 scanning lines; and 
said wherein said second set of multiple laser beams com- 3.5 
prises third and fourth laser beams, producing said first non 
uniform laser Scanning raster pattern over a total Sweep of 
approximately 180 degrees of polygon rotation, a covering a 
second scanning region which includes (i) a center scanning 
region from about 60 to about 120 degrees with 9 scanning 40 
lines, (ii) two mid scanning regions from about 30 to about 60 
degrees and from about 120 to about 150 degrees each having 
6 scanning lines. 

10. The bi-optical laser Scanning system of claim 6. 
wherein each said scanning surface on said multi-sided 45 
irregular scanning polygon is a planar reflective Surface. 

11. The bi-optical barcode symbol reading system of claim 
6, which further comprises: a digital imaging module project 
ing a field of view g and E. d of E. O E. Out a second set of multiple laser beams directed onto the 
into said 3D scanning Volume, to enable laser scanning and 50 irregular, Scanning polygon; and 
digital imaging of bar code symbols at a POS station, in a a second non-uniform raster pattern. 
user-transparent manner. k . . . . 


